Health knowledge Attitudes Practice Medical personnel Nurses a b s t r a c t Objectives: The National Institute for Infectious Diseases 'Prof. Dr. Matei Balș' was the designated centre for managing Ebola alerts in Romania during the 2014 African outbreak. We surveyed Ebola knowledge, attitudes and perceptions (KAP) among the institute's healthcare workers. Study design: This was a cross-sectional survey.
Introduction
The Ebola outbreak that started in 2014 in West Africa is the largest to date, 1 having lasted for 2 years, from March 2014 to March 2016, and carrying a major burden on the healthcare system, 2 with a suspected case count of 28,652, a confirmed case count of 15,261, and a death toll of 11,325. 3, 4 European countries were mostly spared by this outbreak, but the increase in international travel seen during the past years has led to more efficient travel of pathogens as well. 5 Therefore, a series of four alerts (of which three were suspected cases) have also been managed in Romania; these were patients who had travelled to Nigeria (two cases) and Sierra Leone (one case), whereas the fourth alert lacked a relevant epidemiological context. In the three suspected cases, Ebola infection was ruled out, and the patients were rapidly diagnosed with malaria.
The National Institute for Infectious Diseases 'Prof. Dr. Matei Balș' in Bucharest was the designated reference centre for the management of public health alerts in Romania (avian influenza, severe acute respiratory syndrome (SARS), pandemic influenza) and Ebola alerts during the 2014 outbreak. Suspected cases were managed in negative pressure isolation units, and the institute implemented designated Ebola protocols and circuits for patients, medical personnel, healthcare materials, biologic samples and medical waste. In the institute, healthcare workers (HCWs), including but not limited to physicians, nurses and nurses' aides, receive yearly training on standard precautions, while during 2014, they were invited to participate in training on five specific Ebolarelated topics, namely, correct use (donning and doffing) of personal protective equipment, protective measures, circuits for suspected Ebola cases, management of biological risk and case management. Based on the experience acquired during the outbreak, the institute has created the Romanian Centre for Applied Bio-Molecular Research in Infectious Diseases, a state-of-the-art research and treatment facility.
We performed a survey to assess the knowledge and perceptions of the institute's HCWs regarding Ebola disease, 2 years after the beginning of the largest Ebola outbreak to date.
Methods
This was a cross-sectional survey consisting of a selfadministered paper-based anonymous questionnaire in Romanian that included 24 closed-item questions and two scales of personal concern and was designed to assess multiple aspects related to Ebola disease, namely: (a) respondent characteristicsdeight questions; (b) knowledge regarding Ebola (aetiology, transmission, signs and symptoms, severity, treatment and vaccination options)dsix closed questions; (c) local epidemiology of Ebola diseasedone closed question; (d) perception of personal/family/national risk and willingness to work with patients with Ebola infectiondfour closed questions and two scales from 1 (lowest) to 10 (highest) evaluating the degree of personal concern; and (e) preparedness activities, specific training and sources of information on Ebola and the recent epidemicdfive closed questions. The English translation of the full questionnaire is available as Supplementary material.
The surveyed population consisted of HCWs from the National Institute for Infectious Diseases 'Prof. Dr. Matei Balș'. The questionnaire was distributed to all medical staff through division chiefs, and no category of HCWs was specifically excluded from the survey.
The study protocol, informed consent form and questionnaire were approved by the Bioethics Committee of the National Institute for Infectious Diseases 'Prof. Dr. Matei Balș' (approval no. 3426 from 01 June 2016) before study initiation. The questionnaire was administered once during 1e30 June 2016 to all HCWs who gave their informed consent to participate.
The statistical analysis was performed with IBM SPSS Statistics for Windows, version 22 (IBM Corp., Armonk, NY, USA). For continuous non-normally distributed variables, we report medians and interquartile ranges (IQRs), along with the results of the ManneWhitney U test and effect size and Spearman's rank-order correlation. For categorical variables, we report the results of the c 2 test with its 4 or Cramer's V effect and relative risk (RR) along with 95% confidence intervals (95% CIs) for risk estimates. For comparing categorical characteristics of study respondents and non-respondents, we applied the two-sided z test for two population proportions. Multiple regression analysis was performed to predict continuous outcome variables based on respondent characteristics.
Results

Respondent characteristics
The questionnaire had a moderate response rate, with 180 respondents out of a total number of 452 employees (39.8%). After excluding incomplete questionnaires, a number of 157 questionnaires were validated and included in the final analysis. The median (IQR) age of respondents was 41 (33.5e47) years, with an overall predominance of females (91.7%), reflecting to some degree of the overrepresentation of females in the healthcare sector in Romania in general and in the institute in particular (91.2%). The majority of the respondents were nurses (63.7%), and the rest were doctors (36.3%): senior specialists (17.8%), residents (12.1%) and specialists (6.4%). Table 1 includes a description of the institute's structure of medical personnel and statistical comparisons between respondents and non-respondents, highlighting that nurses were slightly underrepresented, whereas resident physicians were slightly overrepresented in our survey, but the gender distribution was similar in both groups. The respondents' distribution was balanced between adult wards (37.8%) and children's wards (35.3%), but other divisions were also represented, including intensive care (12.2%), laboratory (5.1%), immune deficiency (4.5%) and others (5.1%), which included ambulatory care (0.6%), gastroenterology and infection control (1.9% each).
Most of the respondents were married (66.9%) and had children (68.8%), whereas 22.3% were single, 8.9% divorced/ separated and 9.6% were widowers. In terms of the last form p u b l i c h e a l t h 1 6 4 ( 2 0 1 8 ) 7 e1 5 of education completed, most of them (54.8%) had graduated from university, one-third (37.6%) from postsecondary schools of nursing and 1.3% had only graduated from high-school, whereas 6.4% had also completed a PhD after college graduation.
The respondents had been working in the healthcare system for a median (IQR) duration of 17 (8.3e21) years, and specifically in the Matei Balș Institute for 14 (6e20) years. Notably, 13.4% of them had less than 2 years' experience in the institute at the time of completing this questionnaire, suggesting that they had not had access to the specific on-site training performed during the Ebola outbreak in 2014.
Knowledge regarding Ebola
Virtually all respondents (99.4%) had heard of Ebola, and 96.8% correctly identified the aetiological agent as a virus. Its potential for interhuman transmission was recognised by 99.4%, while 26.1% correctly identified both the viral aetiology and the transmissibility. More specialist physicians (80%) and nurses (79.8%) failed to identify Ebola correctly, compared with resident physicians (68.4%) and senior specialists (53.6%),
Most of the respondents reported they had first heard of Ebola before the 2014 outbreak (65.8%), almost one-third of them during the outbreak (29.5%) and a small minority after the outbreak (4.7%, of which 1.3% were resident physicians and 3.4% nurses, P ¼ 0.243, c(2) ¼ 7.9, medium effect, Cramer's V ¼ 0. 16) . Surprisingly, among the latter, only 1.3% had less than 2 years' experience in health care, and the other 3.4% reported an experience in health care and in the institute ranging from 6 to 24 years. We identified no statistically significant association between the time when the respondent had first heard of Ebola and gender, marital status, education, occupation or duration of experience in health care.
The potential transmission routes identified by the respondents were direct contact with infected bodily fluids (100%), contact with wild animals in Africa (72.6%) and direct contact with infected but asymptomatic patients (64.7%). None of the respondents considered Ebola to be foodborne, but 54.8% mistook it for an airborne disease and 7% for a waterborne disease. Only 0.9% considered that wild animals in Romania can transmit the disease, 19.1% incriminated African mosquitoes and 11.5% stated that transmission routes are not completely understood. Interestingly, specialist physicians were significantly more likely to correctly identify all transmission routes (70%) than residents (36.8%), senior specialists (32.1%) or nurses (13.3%), P < 0.001, c(3) ¼ 20.9, large effect (Cramer's V ¼ 0.37). The difference between nurses and physicians was also statistically significant, 36.1% vs 63.9%, P < 0.001, c(1) ¼ 14.8, medium effect (4 ¼ 0.3), as doctors registered a 1.9-fold higher likelihood (95% CI: 1.2e3.1) of correctly identifying all transmission routes. The responses Table 1 e Description of the institute's structure of medical personnel and statistical comparison between respondents and non-respondents (a survey administered to healthcare workers from a national reference hospital for infectious diseases in Bucharest, Romania, in June 2016, n ¼ 157).
Characteristics
Respondents We report the results of the two-sided z test for two population proportions, for the comparison of respondents and non-respondents based on gender and type of medical activity. were not influenced by gender, marital status, education or duration of experience in health care. The ranking of signs and symptoms based on respondent choices is presented in Fig. 2 , the most frequent responses being fever (98.7%), myalgia (82.2%) and haemorrhaging (79.6%).
Interestingly, doctors were 1.3 times (95% CI: 1.1e1.7) more likely to misidentify haemorrhaging as frequent (89.5%) than nurses (74.7%), P ¼ 0.036, c(1) ¼ 4.9, small effect (4 ¼ 0.18), but other factors such as gender, marital status, education or duration of experience in health care did not influence the response to this question.
Most respondents (85.8%) correctly identified Ebola as a severe and potentially fatal disease, none considered it to be mild and 14.2% labelled it as always fatal, and the results were not associated with factors such as gender, marital status, education, occupation or duration of experience in health care.
In terms of treatment and vaccination options, 72.1% of respondents correctly identified that treatment is mainly symptomatic and pathogenic and that no licenced aetiological treatment or vaccine was available internationally or locally at the time of the survey (June 2016), whereas only 12% considered that aetiological treatment is available; 9.5%, an internationally licenced vaccine and 23%, a vaccine licenced for local use in Africa. Those who correctly identified that at the time there were no licenced treatment and vaccination options were more frequently university graduates (81.4%) compared with postsecondary school (62.5%) or high-school graduates (50%), P ¼ 0.027, c(3) ¼ 9.2, medium to large effect (Cramer's V ¼ 0.24), and were working in clinical wards (82.8% adults, 81.5% children and 100% immunodeficiency), compared with the laboratory (25%) or other wards (37.5%), P < 0.001, c(5) ¼ 35.2, large effect (Cramer's V ¼ 0.48). The response to this question was not influenced by factors such as gender, marital status, occupation or duration of experience in health care.
Local epidemiology of Ebola disease
Most of the respondents (90.4%) were aware of the fact that no confirmed cases had been recorded in Romania during the surveyed outbreak, whereas only 4.5% responded yes to this question, and 5.1% said they did not know. The response to this question was not significantly associated with any of the personal or professional characteristics of the respondents.
Risk perception and willingness to work with patients with Ebola disease
Personal risk during the Ebola outbreak was perceived as a median of 5.5 (range 3e8) on a scale of 1e10, and the respondents perceived the risk for their families as being higher, with a median of 6.5 (range 2e10) and there was a strong positive correlation between perceived personal and family risk (P < 0.001, r s ¼ 0.75).
Nurses were significantly more worried for themselves (P ¼ 0.008, U ¼ 2083, large effect size r ¼ 0.7) and for their families (P < 0.001, U ¼ 1629.5, large effect size r ¼ 1.2) than doctors, with median scores of 6.5 vs 5 for personal risk and 9 vs 5 for family risk (Fig. 3) .
A higher perceived personal risk was also reported by those who failed to correctly identify what Ebola is (P ¼ 0.019, U ¼ 1783, small-to-medium effect size r ¼ 0.2), and a higher perceived family risk was reported by respondents who were unaware of how Ebola is treated and prevented (P ¼ 0.033, U ¼ 1870.5, r ¼ 0.2); both types of risk were perceived as higher by clinical personnel than laboratory personnel (personal risk:
In multiple regression analysis performed to predict perceived risk from respondent age, work experience in the institute, type of medical activity performed, knowledge on Ebola and prior Ebola-specific training in the institute, only the following variables retained statistical significance in In terms of national risk in the scenario of a future Ebola outbreak, there was a tie, with almost as many respondents (49% vs 43.9%) considering that the risk of an Ebola epidemic in Romania is low (defined as less than 25%) or moderate (25%e50%). Clinical personnel tended to overestimate the risk more than laboratory personnel (47.5% of clinical personnel vs 13.3% of laboratory personnel considered the national risk to be between 25% and 50%), P ¼ 0.008, c(2) ¼ 9.7, medium effect Cramer's V ¼ 0.25. Nurses also considered the risk to be higher than doctors (P ¼ 0.023, c(2) ¼ 7.6, medium effect Cramer's V ¼ 0.22). Only 6.5% of the respondents had ever come into contact with a suspected Ebola case in Romania, and 5.8% had been directly involved in managing these cases (accounting for 8 nurses and 1 senior specialist, all working in the institute's intensive care department, which had been the designated facility for managing Ebola alerts in Romania).
Roughly half of the respondents (56.1%) would be reluctant to work with Ebola patients, whereas 16.1% would volunteer, and another 9% would volunteer if motivated by a salary increase. A large proportion of respondents (18.7%) were unsure if they would volunteer if a future outbreak involves Romania. Males were more likely to volunteer (75%) than females (26.3%), P ¼ 0.001, c(1) ¼ 12, medium effect, 4 ¼ À0.31, RR ¼ 6.7 (95%CI: 1.9, 23.4), and the same was true for those with higher education (37% college graduates and 62.5% PhD graduates compared with 16.3% postsecondary school and 0% highschool graduates), P ¼ 0.017, c(3) ¼ 10.2, fairly large effect Cramer's V ¼ 0.28. Graduates of higher education (university or PhD) were overall 1.5 times (95% CI: 1.2e1.9) more likely to volunteer than those with lower education (high-school or postsecondary nursing school), P ¼ 0.004, medium effect
Preparedness activities, training and sources of information
Almost two-thirds of the respondents (63.9%) considered that sufficient personal protective equipment and methods are available to prevent Ebola transmission, whereas 12.9% were uncertain. Those who responded yes to this question were also 1.4 times (95% CI: 1.1, 1.7) more likely to volunteer (86.1% compared with 63.4%), P ¼ 0.015, c(1) ¼ 6.0, medium effect 4 ¼ 0.24).
Almost all respondents had received or searched for information on Ebola (99.4%); sources are ranked by frequency in Fig. 4 .
Most respondents had been trained in the institute in 2014 regarding Ebola-specific procedures for donning and doffing personal protective equipment (84.7%), protective measures (78.3%), circuits for suspected Ebola cases (60.5%), management of biological risk (56.1%) and case management (42%). Those who had received training on case management were also 1.3 times (95% CI: 1.1e1.6) more likely to correctly identify transmission routes in our survey (63.9% vs 35.8%, P ¼ 0.003, c(1) ¼ 8.9, medium effect 4 ¼ 0.24) and so were those who had received training on circuits for suspected Ebola cases (1.2 times more likely, 95% CI: 1.1e1.4), P ¼ 0.029, c(1) ¼ 4.2, small effect 4 ¼ 0.17. More than half of the respondents (66.2%) stated they had received enough information on Ebola, and only 21.4% said they needed further information.
The personnel requested supplementary information on a series of topics regarding Ebola infection, as described in Fig. 5 . The main topics they listed were prevention methods (72%), treatment options (67.5%), Romania's preparedness plan (65%) and the institute's preparedness plan (64.3%). Interestingly, those who had correctly and completely identified the transmission routes for Ebola were also 1.2 times more likely (95% CI: 1.1e1.4) to display an interest in finding out more about Romania's preparedness plan (80.6% vs 60%, P ¼ 0.017, c(1) ¼ 5.1, small effect 4 ¼ 0.18), and the same association was identified for those who correctly and completely identified Ebola's signs and symptoms and who also wanted to find out more about the institute's preparedness plan (92.9% vs 61.5%, P ¼ 0.015, c(1) ¼ 5.5, small effect 4 ¼ 0.19, RR ¼ 1.1, 95% CI 1.1e1.2). Respondents who failed to correctly identify the aetiological agent of Ebola and its potential for interhuman transmission were more likely to request information on prevention methods (76.7% vs 58.5%, 1.1e3.0), and the same was true with those failing to identify the complete transmission routes (75.7% vs 58.3%, P ¼ 0.035, c(1) ¼ 4.2, small effect 4 ¼ À1.6, RR ¼ 1.8, 95% CI: 1.1e3.2).
Discussion
Main finding of this study
We have characterised the knowledge, attitudes and perception (KAP) on Ebola disease among Romanian HCWs. Medical personnel were generally well informed about Ebola disease, but nurses, specialist physicians and laboratory personnel may need more frequent retraining than residents and senior physicians (Fig. 1) .
What is already known on this topic?
The study that we are reporting here is the first survey on KAP regarding Ebola in Romania, with very few other studies having been performed in European countries, including a study in Italy in the general adult population, 6 one in Germany in the general population 7 and a third one in Spain in nursing staff involved in managing cases of suspected Ebola infection. 8 Three other studies were performed in countries directly affected by the 2014 Ebola outbreak, for example, one in the general population in Sierra Leone with the aim of quantifying the efficacy of outreach community engagement 9 and two in the medical personnel in Nigeria to assess their knowledge and preparedness, 10 as well as their reporting proficiency and risk perception. 11 These types of studies are very important as they gather relevant information regarding the potential management of Ebola suspected cases and can contribute to an indirect assessment of public health concerns. 12 What this study adds?
In our study, respondents from the Matei Balș Institute in Romania were generally well informed on topics regarding Ebola disease. For example, 96.8% of respondents correctly identified the aetiological agent as a virus, comparable to 93.2% in a similar study conducted with HCWs in Nigeria. 10 In our study, 99.4% of respondents recognised the risk for interhuman transmission, a rate slightly higher than the one reported in the same referenced study in Nigeria (87.8%), but relatively fewer respondents (72.6%) in Romania identified the risk of animal-to-human transmission in Africa, compared to 86.2% of HCWs in Nigeria. 10 The high overall rate of correct responses identified in our HCWs may in part be due to the fact that most of the institute's personnel had also participated in a number of specific Ebola trainings during the 2014 outbreak, for example, 84.7% of them had been trained to correctly don and doff personal protective equipment and 78.3% to correctly apply protective measures.
Compared to nurses, doctors recorded a 1.9 times higher rate of correct responses regarding transmission of Ebola virus (P < 0.001), but there were no differences in the rate of correct responses regarding the aetiological agent of Ebola. Furthermore, doctors were 1.3 times more likely to misidentify haemorrhaging to be frequent than nurses (P ¼ 0.036). Personnel from clinical wards were better informed on Ebola treatment than laboratory personnel (P < 0.001), which is only natural, and both types of HCWs were accurately trained to recognise the correct transmission routes for Ebola.
Nurses perceived higher personal (P ¼ 0.008) and family (P < 0.001) risk than doctors, and the same was true for clinical than laboratory personnel (P ¼ 0.025, P ¼ 0.021); these were the only two variables that remained statistically significant in the multiple regression analysis. This is, to a certain degree, a reflection of reality but is probably an overrepresentation of the actual risk as we also found that respondents reporting high perceived risks were more likely to be less informed about what Ebola is (P ¼ 0.019) and about what treatment and prevention options are available (P ¼ 0.033). A similar study conducted in Spain in 2016 reported that 48% of the nurses surveyed considered they would stand a very high risk of biological accidents if they were to care for suspected cases of Ebola infection. 8 However, their study did not quantify risk perception on a continuous scale, but rather as very low through very high, and therefore, a direct comparison with our results cannot be performed. A survey of the Italian general population found a similar association between the affective response to Ebola (degree of worry) and the lack of knowledge on Ebola 6 and so did the German general population survey. 7 In our study, males were 6.7 times more likely to volunteer to work with patients with Ebola disease than females were (P ¼ 0.001) and so were graduates of higher rather than lower education (1.5 times more likely, P ¼ 0.017), doctors than nurses (1.7 times more likely, P ¼ 0.018) and respondents who believed that sufficient personal protective equipment and methods are available to prevent Ebola transmission (1.4 times more likely, P ¼ 0.015). In the German general population, males were also more likely to volunteer, 7 which is in line with our study, but so were younger persons, an association which was not detected in our study.
The institute ranked first in our study among the sources for acquiring information on Ebola disease, reflecting the specific trainings implemented during the 2014 Ebola outbreak, and it was followed by medical literature. Social media ranked third and mass media, fourth, and both may have played a more important role, as described in the literature, 13e16 for those HCWs who had worked in the institute for less than 2 years. The study performed by Olowookere et al. revealed radio (37.2%) and the internet (28.4%) as frequent sources of information on Ebola for HCWs in Nigeria, 10 similar to the data seen in our study, where 33.1% of respondents cited the internet and 30.6% cited mass media as sources of information. This relatively low use of mass media in HCWs for information purposes (lower than the rate of 53.1% use of television and 45.5% use of internet for retrieving information on Ebola by the general population in Germany 7 ) is probably due to the fact that most of our HCWs (81.5%) had already received pertinent information at the time of our survey from their employer, the Matei Balș Institute. An encouraging finding was that those who had received various trainings on Ebola disease in the institute during the 2014 outbreak were 1.2e1.3 times more likely to correctly identify transmission routes 2 years later during our survey in 2016. Another important aspect is that respondents who did not correctly p u b l i c h e a l t h 1 6 4 ( 2 0 1 8 ) 7 e1 5 identify Ebola or its transmission routes in our survey selfreported 1.8 times more frequently that they felt the need for more information on prevention methods, suggesting that when there is a gap in knowledge, this is self-acknowledged and can thus be remedied promptly.
Limitations of this study
The main limitation of the study is that the questionnaire was not administered before the Ebola outbreak, and therefore, the exact impact of the outbreak on personnel KAP could not be measured through this survey. However, our study does provide robust data in terms of Ebola preparedness and risk perception, and the fact that it has been applied after the end of the outbreak offers the unique advantage of providing reliable data, outside of the window of maximum emotional involvement. Therefore, the information can better be generalised and can also serve as a baseline evaluation for further panel surveys to assess the impact of interventions and trainings to be deployed in Romania in the following years.
Our finding that male HCWs were more likely to volunteer than female HCWs may be limited by the low sample of male respondents (i.e. only 13) included in the study. Therefore, this information should be interpreted with caution as it needs validation in further studies.
Some of the limitations of our survey include the moderate response rate of 39.8% and the fact that nurses were slightly underrepresented and resident physicians were slightly overrepresented among the survey respondents compared to the structure of the institute's medical personnel. Other limitations include the fact that the questionnaire was selfadministered, and importantly, the fact that our study's results are not generalisable to HCWs all over Romania as the survey was conducted in a tertiary university hospital from the country's capital, a referral facility for public health emergencies, including Ebola. Therefore, the medical personnel from this institute may have had easier access to specific information and training than other HCWs outside the country's capital or from non-tertiary infectious diseases hospitals.
Conclusions
In conclusion, our study has successfully characterised the KAP of Ebola disease among HCWs from a reference centre in infectious diseases in Bucharest, Romania. This study has highlighted certain categories of personnel who need more frequent retraining (i.e. nurses, specialist physicians and laboratory personnel) than resident physicians and senior specialists, who displayed up-to-date information on Ebola disease, although a time span of 2 years or longer had elapsed since their last specific training on this topic.
Author statements
